In this paper we seek to verify the hypothesis that trust and cooperation between individuals, and between them and public institutions, can encourage technological innovation and the adoption of knowledge. Additionally, we test the extent to which the interaction of social capital with human capital and R&D expenditures improve their effect on a region's ability to innovate. Our empirical evidence is taken from the Spanish regions and employs a knowledge production function and longitudinal count data models. Our results suggest that social capital correlates positively with innovation. Further, our analysis reveals a powerful interaction between human and social capital in the production of knowledge, whilst the complementarity with R&D efforts would seem less clear.
Introduction
According to the Lisbon Strategy launched by EU members in 2000, it is Europe's intention to be "the most dynamic and competitive knowledge-based economy in the world capable of sustainable economic growth with more and better jobs and greater social cohesion by 2010"
1 . This strategy is firmly based on innovation as a motor of economic growth and on the learning economy, in order to face the rise of the knowledge-based economy and on-going processes of globalisation. In this framework, the study of the determinants of the European regions' ability to innovate needs to be central to empirical economic research in order to provide policymakers with suitable policy recommendations. Indeed, most of the literature on the determinants of innovation includes R&D efforts and human capital. However, similar technological input endowments produce dissimilar results across regions, indicating that there must be certain factors that have not fully been taken into consideration. Among these, we believe that social networks, norms, and trust, i.e., social capital, could enable agents to be more effective in achieving their common goals.
-5 -presents our empirical model. Section three describes our database, providing some descriptive analysis. Section four highlights our results. Finally, section five concludes.
Related literature, theoretical hypothesis and empirical model

Social capital and innovation
As COLEMAN (1988, p. 98 ) stresses, social capital includes "a variety of different entities, with two elements in common: they all consist of some aspect of social structures, and they facilitate certain actions of actors (…), making possible the achievement of certain ends that in its absence would not be possible." Essentially, then, social capital may affect innovation by improving the efficiency of a given economy through a reduction in transaction costs (MASKELL, 2000) . In this framework, we presume that there exist several mechanisms whereby such social features -trust, networks, shared values, norms, and so on-embedded in social relationships will foster creativity and, therefore, the creation of innovation.
Seeking to identify the causal nexus between social capital and innovation, DE CLERCQ and DAKHLI (2004) are the pioneers in setting up an empirical relationship between them at an aggregate level. According to these authors, networks foster innovation because they expose individuals to different ideas and provide them with different, as well as useful, information sources too. Indeed, social networks enable individuals to share certain information to know where they can exploit business opportunities, with a high degree of technological content, increasing the number of successful entrepreneurship projects.
Another interesting point stressed by KNACK and KEEFER (1997) states that higher levels of social capital imply lower monitoring costs related to the misconduct and nonfulfilment of other partners, so firms can devote more time and money to other useful activities, such as innovation. Furthermore, as KAASA et al. (2007) and ACKÇOMAK and TER WEEL (2007) set out, high levels of trust in a given society imply that its members, including investors, are less risk averse. Thus, they can invest more in R&D, which is usually considered a risky and uncertain activity, producing more innovation outcomes.
Moreover, trust in a country's institutions and legal system is also important. Where the legal system is reliable, especially as regards the protection of new innovations (intellectual property rights), inventors and investors enjoy better incentives to innovate and invest in innovation projects, because they know that their results will receive better protection (DE CLERCQ and DAKHLI, 2004) .
Finally, according to several scholars, the main source of innovation creation may well be knowledge flows between individuals, firms and even regions (ROMER, 1986 (ROMER, , 1990 AUDRETSCH and FELDMAN, 1996; ANSELIN et al., 1997) . In this context, social capital can foster knowledge flows within a given economy, becoming an important indirect source of innovation. As MASKELL (2000) has pointed out, the competitiveness of the knowledge-based economy is based not on costs and prices, but on dynamic improvements, creating and, particularly, diffusing knowledge more speedily than its competitors. According to MASKELL (op. cit.), market failures occur because of asymmetric information in the exchange of knowledge between individuals -in the same way as between firms, which can only be overcome when market relationships are replaced with exchange agreements based on trust.
Having said this, and contrary to the neoclassical conception of knowledge as a public good which is transmitted without costs -especially within the economy of new telecommunications, AUDRETSCH and FELDMAN (1996) have pointed out that information transmission costs may not vary with distance, as the neoclassical view says, but rather knowledge transmission depends upon geographical proximity and the frequency of contacts between individuals. Indeed, information is codified and is easily transmitted by means of telecommunications, but knowledge is tacit and its transmission requires human interactions (AUDRETSCH, 1998; PAVITT, 1998) . Whereas the latter tradition has assumed that knowledge flows freely within a given economy and at a cost between economies, we assume not only that geography matters, but also that the quality of human contacts can influence knowledge transmission (both codified and tacit knowledge) within a given regional economy. As BRESCHI and LISSONI (2001) have stressed, knowledge is better endowed in individuals, who, in turn, know and trust others, who meet frequently, and with whom they can exchange certain kinds of economic information. In short, ties between individuals based on a relationship of trust ease and accelerate the exchange and search for information (KAASA et al., 2007) ; and trust enhances cooperation between firms and other patenting institutions, which favours not only the adoption of new manufacturing procedures, but also the sharing of confidential information (DE CLERCQ and DAKHLI, 2004) . Given these arguments, the first hypothesis we seek to verify here empirically is that social capital really does encourage the attainment of higher innovation outputs at the regional level.
Complementarities between social capital and the inputs of innovation
A second aim of this paper is to verify the extent to which there exists a relationship of complementarity between social capital and the rest of the inputs in a knowledge production function when determining innovation outcomes. Our underlying theoretical hypothesis states that innovation inputs such as human capital and innovative efforts in the form of R&D expenses, for instance, might see their influence on the innovation -8 -results reinforced in societies with a high degree of trust and a broad spread of social networks.
Thus, on the one hand, the complementarity hypothesis implies that, aside from the direct effect of R&D efforts on innovation outcomes, the effectiveness of these expenditures could be reinforced by social capital. Indeed, for a given regional economy, higher levels of social capital facilitate a more effective diffusion of knowledge which spills over from R&D expenditures in one firm or organization to other firms and patenting institutions. Thus, the higher the level of social capital in a given region, the higher the R&D returns should be on innovation. Further, such complementarity could be further reinforced if it yields to a better implementation of public policies and programmes, such as the R&D expenditure of the public administration and higher education sectors (ACKÇOMAK and TER WEEL, 2007 2.3. The knowledge production function framework As GRILICHES (1979 , 1991a , JAFFE (1989) and FELDMAN (1994) showed, the knowledge production function is an interesting tool for relating innovation efforts, such as R&D expenditures (RD) and human capital (HK), and some social and structural features of each region (Z), with an innovation output, namely the number of patents (PAT) produced in region i in a time period t:
Specifically, the aforementioned authors proposed a Cobb-Douglas specification on the basis of its usefulness,
It is worth noting that R&D expenditures can include both public and private investments, and the inclusion of the human capital variable may allow us to control for the ability of certain regions to innovate due to the skills and knowledge embodied in individuals and to control for their absorptive capability. Thus, we expect a positive and significant parameter both for R&D efforts and human capital. Z is a set of variables used to control for differences in the extent to which regions are prone to innovation because of certain cultural, social and structural factors. Among these, we included a social capital indicator (SK), as we explain below, in order to determine its hypothetical impact on innovation outputs, so again we expect a positive and significant coefficient.
Additionally, we included the share of manufacturing employment (MAN) of each region to control for the relative importance of manufacturing sectors in each economy since, as has been widely discussed, industrial activities are more likely to patent their results, so a positive and significant sign is also expected.
Moreover, given that working with aggregated data leads to the need for controls for various innovation patterns, we included several variables to capture the composition of the economic activity in each region, in view of the fact that this can determine the effectiveness of innovation in such economies. Specifically, in order to take into account MAR-externalities, which are linked to the existence of a pool of specialized labour, the location of customers and suppliers, and physical and institutional infrastructures, we calculated a specialization index (SpIn) for each region 2 , which we would expect to have a positive sign. We included the population density (POP) of each region so as to take into account different regional dimensions as well as agglomeration economies, and a time trend, in order to capture changes in our patent equation owing to the economic cycle. A time lag of one year was considered for all the explanatory variables in order to infer causality from correlation between these and the dependent variable. In fact, in the case of R&D expenditures, GRILICHES (1991b) points out that firms apply for patents in the early stages of their research, so a one year lag might be an appropriate length of time -since the endogenous variable refers to patent applications and not patents granted. Hence, the specification we estimate empirically is given by
where ε it is a random error term.
Count data modelling
An important question at this juncture is the nature of the endogenous variable, which is a count variable (nonnegative integers). Thus, a count model specification is preferred here to a linear model, which is what has been used most widely to date (HAUSMAN et al. 1984; DEL BARRIO-CASTRO and GARCÍA-QUEVEDO, 2005; GUMBAU-ALBERT and MAUDOS, 2007) . Indeed, unlike the classical regression model, the response variable is discrete, with a distribution that places a probability mass at To meet our purposes, equation (3) enables us to assess, by the estimation of a model of this kind, the direct effect of social capital on innovation. Nevertheless, in order to test our second hypothesis, i.e. the complementarity relationship between social capital and the innovation inputs, we include interaction terms in the equation, so as to take into account these indirect effects through the parameter of each interaction as follows, 
Data and descriptive analysis
Social capital indicators and descriptive analysis
Since the definition of social capital remains elusive and particularly vague, just how it is measured becomes the most controversial issue in each research study that attempts to deal with it. Prior research conducted into social capital has tackled this lack of data by introducing certain kinds of environmental proxies, such as crime rates, teenage pregnancy, blood donation, and so on, which has served to add to the confusion as to just what social capital is, as something different from its outcomes (SABATINI, 2006) , and so have arisen mounting econometric problems concerning most empirical studies.
After PUTNAM et al. (1993) presented their definition (i.e., trust, norms, and networks that facilitate coordination and cooperation), much of the literature on social capital has employed data from the World/European Values Survey 3 , in keeping with KNACK and KEEFER's (1997) influential study as these data fitted the earlier definition very well.
Thus, the empirical literature has tended to focus on one question in this survey, that is:
''Generally speaking, would you say that most people can be trusted or that you need to be very careful in dealing with people?''. Responses are then aggregated to obtain regional or country levels of trust -together with other social capital features. However, -14 -according to some scholars (GLAESER et al., 2000; SABATINI, 2006) , this question and the whole survey is not appropriate at the aggregate level, since responses reflect the particular position of those being interviewed, and as such its aggregation fails to capture certain historical and social circumstances. Moreover, the variation in responses might be due to numerous factors, such as "differences in beliefs about the trustworthiness of a common set of people; differences in interpretation of who comprises ''most people;'' differences in the interpretation of what it means to be able to trust someone; or differences in the ability to elicit trustworthy behaviour from other people" (GLAESER et al., 2000; p. 815) . Additionally, as KNACK and KEEFER (1997) acknowledged, the World/European Values Survey has several mistakes and presents an overrepresentation of certain social groups. Furthermore, its statistical representation at low levels of aggregation (for instance, at NUTS 2 level for Europe) is not worthwhile.
Here, therefore, we have opted to use a complex and interesting measure proposed by PÉREZ et al. (2005) . According to these authors, current social capital measures do not result from a process of investment, as do other kinds of capitals -namely physical and human capital. Following DURLAUF and FAFCHAMPS (2004) recommendations, who stress the lack of explicit modelling of the process by which social capital is created within societies, the authors of the PÉREZ et al. (2005) [Insert figure 1 about here] Surprisingly, social capital differences between Spanish regions are more marked than for other forms of capital in the Spanish case (PÉREZ et al., 2005) . Indeed, as can be seen in Figure 2 , social capital services are larger in the north-east (the Basque Country, Navarre, Cantabria, Aragon, Balearic Islands, and Catalonia) than in the centre, south, and west, with the exception, of course, of Madrid.
[Insert figure 2 about here] ROGERS (1998) defines innovation as the application of new ideas to the products, processes or to any other aspect of a firm's activity, concerning the process of commercialising and extracting value from ideas. In such a setting, patents have widely been used as a measure of innovation. In spite of their obvious caveats -not all inventions are patented and neither do they have the same economic impact, (GRILICHES, 1991b) , equally not all patents are a commercially exploitable innovation, they do present the minimal standards of novelty, originality and potential profits, and as such they should be a good proxy for economically profitable ideas (BOTAZZI and PERI, 2003) . We, therefore, use the information on patent applications provided by the European Patent Office (EPO) at the NUTS 2 level 6 . In our period of analysis, 1989-2001, Figure 3 shows an increasing trend in the number of patent applications per capita, which has become particularly since 1996. However, not all regions have contributed equally to the level of patenting activity in Spain. Thus, as can be seen in Table 1 , two regions (Madrid and Catalonia) accounted for more than 50% of the patents applied for in Spain during our period of analysis.
Variables and databases
[Insert figure 3 about here]
As discussed in the literature, we proxy R&D efforts by means of regional R&D expenditure, both private and public -thus also including higher education and public administration expenditure. These data are available from the Spanish National [Insert Castile and Leon and Catalonia present the highest levels of human capital.
As for the controls, we calculated our specialization index (SpIn) using data on sectorial Gross Added Value from BDMORES databank 8 , from which we also collected data concerning manufacturing employment (MAN). Data describing population and squared kilometres (POP) were also taken from the Spanish National Statistics Institute (INE).
Results
Impact of social capital on innovation: both direct and indirect links
Using the empirical model described above, we present the results of the negative binomial model estimations of the effects of social capital on innovation outcomes, namely patent applications. Similarly, we expect significant interactions between innovation inputs. It might be argued, as discussed above, that social capital affects innovation outcomes primarily, and perhaps exclusively, through interaction with other technological inputs. Hence, if the estimated coefficient on the interaction between social and human capital is positive, the effect of human capital on innovation will be greater, the larger the amount of social capital there is in a given regional economy.
Similarly, the effect of social capital on innovation will be greater, the larger the amount of human capital there is in the given region. The same would be true for the interaction between social capital and R&D efforts.
Our main results are presented in Table 2 -and the tables included thereafter. We present our results beginning with the simplest specification, column (i), first without including any interaction terms, and then we gradually introduce them. Moreover, we performed a Hausman test (HAUSMAN, 1978) , and the null hypothesis that individual effects are uncorrelated with the independent variables could not be rejected, so the generalized least squares estimator for the random effects model is consistent and efficient. HAUSER et al., 2007; ACKÇOMAK and TER WEEL, 2007, 2008) , and comparable with the importance of human capital, as has been stressed elsewhere (HAUSER et al., 2007) . The parameter describing the share of manufacturing employment is also positive and significant, so more industrialized regions tend to innovate further. In the case of the controls, the specialization index is not significant, although it presents the expected positive sign -however, the specialization index would be significant at 16% and, what is more, it is significant for most of the specifications in subsequent tables, thus indicating that highly specialised regions tend to innovate further as well. The time trend shows a positive and significant parameter, whereas population density does not.
However, as mentioned, social capital might also exert an indirect impact on innovation, thereby reinforcing the effect of human capital. In other words, social capital might affect innovation outcomes by means of the social valuation of human capital, thus acting as an environmental externality which facilitates the achievement of certain ends, in this case innovation outcomes, which in its absence would be achieved at greater social costs. Taking this idea into consideration, in the second specification we, therefore, included the interaction between social and human capital. Although innovation inputs are positive and significant, the interaction term is negative. However, in order to assess the importance of the interactions between inputs accurately, we report total semi-elasticities in equations with interactions terms -thus, adding the complementarity effect to the direct effect-following the formulas given in the lower panel of Table 2 . With this aim in mind, we tested the joint significance of both parameters -the direct effect and its indirect effect through its interaction with human capital for which standard errors for the total semi-elasticities were calculated using the delta method (SERFLING, 1980) . Here, since the covariance of the parameter of each variable and the parameter of their interaction were negative, the total semi-elasticities of each innovation input could well be significant even though the initial parameters are -20 -not significant. As can be observed in column (ii) of Table 2 , the total semi-elasticity of patents with respect to social capital remains statistically significant at 1%, and around nine points greater than in the first specification. Moreover, the total semi-elasticity on innovation with respect to human capital, which increases its significance up to 1%, rises from a value of 73.6 to 86%. Such an interesting result leads us to corroborate our hypothesis regarding the complementary roles between human and social capital, as has been stressed by several authors (SCHULLER, 2001; PIAZZA-GEORGI, 2002 ).
Thus, human capital returns on innovation could be stronger in a high social capital environment, which reinforces the valuation of human capital in a given regional economy.
The specification in column (iii) includes the interaction term between R&D efforts and social capital, whereas the interaction term in column (iv) includes both simultaneously.
Albeit that the significance of all parameters -R&D efforts, human capital and social capital -is obvious, the total semi-elasticities and their standard errors were recalculated. As a result, both human and social capital show significant values and enhanced total semi-elasticities -in particular the former -whilst the total semielasticity of R&D, although always strongly significant, was not enhanced because of the addition of the complementary effect with social capital.
Given this set of results, we can conclude that features such as trust, social networks and relationships, shared values and the like, exert an important and strong effect on the generation of innovation within a given regional Spanish economy. Moreover, there is strong evidence that social capital reinforces the effect of human capital since higher levels of social capital may enhance opportunities of human capital to promote and value its returns. However, this is not the case for R&D given that social capital does not seem to enhance the effectiveness of R&D expenditure. In short, we forwarded the hypothesis that social capital would also reinforce R&D returns on innovation, since it could enhance R&D expenditures that spill over into other patenting organizations, but at first sight the empirical evidence does not indicate this. Therefore, we chose to verify the hypothesis that social capital will exert its influence through public R&D expenditures alone, and not through private expenditures. In this instance, we should obtain a significant complementary relationship between social capital and public R&D, but not with business R&D.
[Insert Table 2 about here]
The first four columns of Table 3 show the regression results when entering business and public R&D efforts separately. By doing so, we were able to explore whether there was an additional effect of social capital resulting from an improvement in the effectiveness of public investments and expenditures, in contrast with that produced by private investments. First of all, our estimations show a more marked effect of human capital on innovation outcomes through its direct influence than is shown in the first specification in Table 2 , and the same is true for social capital. Thus, both human and social capitals are significant factors when explaining patenting activities. Interestingly, the effect of public R&D efforts is strongly significant, whereas that of business R&D is not. This is consistent with the previous literature, as can be seen in DEL BARRIO-CASTRO and GARCÍA-QUEVEDO (2005) and CABRER-BORRÁS and SERRANO-DOMINGO (2007) for the Spanish case, where only public R&D is reported as exerting a significant influence on the generation of innovation outcomes. This scenario might be attributable to the efforts made by the public administrations of those European countries (such as Spain) that lag somewhat behind the leaders, efforts that are aimed at reducing the technological gap between the core and the periphery of Europe (RODRIGUEZ-POSE, 2001 ). In these countries, public investments are the driving force behind technological innovation.
Our main conclusions following the introduction of these interactions are similar to those in Table 2 , although a number of slight differences are worth noting. Firstly, the strengthening in the effect of human capital on innovation when the interaction term with social capital is included is again marked -around 11 points-and the same is also true for social capital. By contrast, and more interesting for our purposes here, the effect of the interactions with the R&D efforts of business and public administrations are not very marked. Here again, we find that the total semi-elasticity of public R&D is strongly significant whereas that of business R&D is not. However, the interaction of public R&D with social capital does not seem to increase the returns obtained with such R&D, as we hypothesized above. Therefore, we find no evidence in favour of social capital as an instrument for a more effective implementation of public R&D expenses. However, the effect of social capital when interactions with R&D efforts are included rises by around three points. Thus, our earlier suggestions regarding the complementary impact between public R&D and social capital can only be partially accepted in the case of the Spanish regions.
[Insert Table 3 about here]
Regional heterogeneity in the effect of social capital
Here, we are interested in determining whether the impact of social capital is related to the level of development achieved in a given economy. Two hypotheses have been forwarded in this respect. First, according to several scholars (LYON, 2005; AKÇOMAK and TER WEEL, 2007) , social capital may act as a substitute for the lack of those inputs that foster innovation and other economic outcomes. Thus, in certain economies, with low levels of R&D expenditure and a certain lack of human skills, social capital might have a greater impact than in more developed economies with better endowments of innovative efforts and human capital. Second, some other authors (PÉREZ et al., 2005) have highlighted that the potential gains from a reduction in transaction costs due to better social capital endowments should be more significant in developed regions, technically and technologically complex, where uncertainty and strategic interaction are higher, so there exist greater incentives to trust others. With the aim of verifying which hypothesis holds for the Spanish case, our empirical strategy involved dividing our sample into two sub-samples, containing high-income and low-income regions respectively (Table 3 , columns v to xii). By doing so, we were able to test these hypotheses, and at the same time, by including both public and private R&D efforts in our regressions, we were able to explore more thoroughly whether there is any complementary effect between social capital and certain types of R&D expenditures, or whether we have to reject definitively our assumption above.
Thus, the sample was divided according to the per capita Gross Added Value, in such a way that those regions with a per capita GAV above the national mean were included in the high-income sample 9 . According to Table 3, a marked effect of social capital on innovation outcomes is observed both in high-income and low-income regions.
Nevertheless, the value of its elasticity is almost two times greater in the former than in the latter, initially corroborating the hypothesis that relates better social capital returns with more developed regions.
Similarly, in Table 3 (high-income regions, column v), significant parameters for public R&D efforts are observed. Whereas business R&D efforts were non-significant, the parameter of public R&D efforts was strengthened when the interaction between this input and social capital was included -around a seven-point gain. Thus, finally, a highly marked complementary role between social capital and public R&D efforts was found in high-income regions. This expenditure type includes, among others, the spending of public autonomous bodies, and the expenditure of public firms and universities. It would seem, then, that public expenses devoted to R&D would be better implemented if certain social features (in this instance, chiefly trust and networks) were high and, for example, more collaborative scientific projects were to be carried out -which is an essential source of knowledge diffusion and creation. In general, according to this finding, it might be thought that an improvement in knowledge transmission between research institutions and individuals and firms occurs in high-income regions.
On the contrary, in low-income regions (Table 3 , columns ix to xii), although public R&D efforts exert an influence on innovation outcomes as well, we only found a slight complementarity effect, since the influence of social capital on innovation outcomes is only increased by around two points, while public R&D expenses remain the same.
In the case of the human capital in high-income regions, which is strongly significant and high, the interaction between social and human capital reinforces the explanatory power of the latter in a marked fashion. In the low-income regions, human capital is similarly strongly significant and high, though unlike the rich regions, the interaction between this input and social capital does not enhance the explanatory power of human capital. This result suggests that in more developed regions, the potential gains from the presence of higher levels of social capital are greater than in less developed regions. Therefore, human capital returns on innovation would be reinforced by the existence of higher levels of social capital in the former regions. This is not the case, however, for low-income regions, where the potential gains for human capital of the existence of social capital are not so great.
In short, interesting conclusions can be drawn from an analysis of Table 3 (columns v to xii). First of all, social capital fosters innovation and knowledge diffusion directly, both in high-and low-income regions, although its direct impact is greater in the former.
However, within high-income regions, an interesting complementary effect between social capital and public R&D efforts is observed, while a strong complementary effect -25 -of social capital in interaction with human capital is also recorded. In other words, the effect of human capital and public R&D efforts is reinforced in highly developed regions, which at the same time present the highest levels of social capital.
By contrast, within low-income regions, neither the interactions between public R&D efforts and social capital nor between human and social capital reinforce the impact of these technological inputs on innovation due to the existence of complementarities.
Thus, within poor regions, social capital may play an important direct effect and a negligible complementary effect with the rest of the inputs. Nevertheless, when a region reaches a minimum threshold of development, social capital has a greater direct impact and may obtain better technological outputs thanks to its relationship with human capital and public R&D efforts.
Concluding remarks
In this paper we have set out to analyse the role played by certain social features within a given Spanish regional economy, such as its level of trust, its social networks and the strength of its social ties, its shared values and norms, and the like, in the process of knowledge creation within those regional economies. Specifically, we have estimated a knowledge production function with the inclusion of social capital as a source of innovation. As a proxy for social capital, we have considered an interesting and complex measure that seeks to overcome some of the problems that characterize social capital empirical research. What is more, the main features of this datasetchiefly, its level of disaggregation and time range-and the characteristics of the dependent variable (a non-negative integer) have enabled us to carry out a negative binomial regression within a panel data model at the NUTS2 level of regional disaggregation, adding consistency to our findings. According to our empirical approach, we observe that such social features exert a direct influence on innovation outcomes in the Spanish regions. Moreover, we have analysed other mechanisms through which social capital may foster knowledge creation. By introducing interaction terms between social capital and human capital, and between social capital and R&D efforts, we can conclude that such innovation inputs could see their influence on the innovation output reinforced in societies with a high degree of trust and a broad spread of social networks. In fact, we have obtained strong evidence of the complementarity of the former, since social capital fosters human capital returns on innovation, but our evidence of the latter is negligible. These results might have important policy implications, since they would reject those policy streams that focus their efforts on individuals in order to obtain certain economic outcomes, but which tend to neglect collective learning and relational development.
Likewise, we have tried to understand the low or almost inexistent complementary effect between R&D expenses and social capital, by introducing business and public R&D efforts separately so as to analyse the potentially different impact of social capital on innovation through different types of R&D. Specifically, we have forwarded the hypothesis that, since sometimes the Government is not able to organize the efficient delivery of public goods and services, and by extension, public investments and expenditures, social capital may be an instrument for their effective implementation (DURLAUF and FAFCHAMPS, 2004; ACKÇOMAK and TER WEEL, 2007) . However, there seem to be no grounds to support our suggestions, since the interaction between public R&D and social capital does not appear to increase the returns obtained with such R&D, as we had hypothesized.
With the aim of taking a step forward in the analysis of the impact of social capital on innovation, we have tested the hypothesis that social capital may have different effects depending on the level of development of each region, and specifically, in terms of the -27 -different impact of each kind of R&D efforts in each group of regions. We have analysed whether in less developed economies social capital might act as a substitute for certain technological inputs or whether social capital might play a more prominent role in more highly developed regions due to their larger technical and technological complexity. Our findings suggest that social capital fosters innovation and knowledge diffusion directly, both in high-income and low-income regions. However, the complementarities between social capital and the remaining factors are strong in highincome regions, but insignificant in their low-income counterparts. Thus, our findings support the hypothesis that states that social capital plays a greater role, both directly and indirectly, in high-income regions because of their greater technical and technological complexity compared with that of low-income regions, and that this improves social capital returns on innovation.
To sum up, this paper has shown that social capital can be a decisive factor in the creation and diffusion of knowledge, both directly and by improving the effectiveness of other technological inputs including R&D efforts and, above all, human capital. Thus, this social externality embodied in human relationships would seem to facilitate the achievement of certain ends, which in its absence would not be possible, such as the creation, acquisition and diffusion of useful knowledge.
However, our study is not without its limitations. First, our measure of innovation (number of patent applications), aside from the aforementioned caveats, might suffer a spurious correlation with social capital. Indeed, social capital may have an impact on innovation creation and diffusion by enhancing not codified (or explicit) knowledge (such as patents), but rather tacit knowledge. Thus, further research is needed to identify a better tacit knowledge proxy. But, given the high and significant coefficient found, we can assume that the enhanced creation and diffusion of tacit knowledge may indeed affect the creation and diffusion of codified knowledge. Second, we have not taken into account several dimensions of social capital. As PUTNAM (2000) argues, bonding social capital involves strong and redundant ties, albeit more reliable ones that might carry superfluous information. Meanwhile, bridging social capital entails less reliable ties that carry non-redundant information, which usually link people from different backgrounds and sources of knowledge. Here again, additional research is needed in order to overcome this situation and to identify the differential impact of these social capitals on innovation. 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1
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5 As BALTAGI (2005) summarizes, panel data allow one to control for individual heterogeneity, whilst cross-section and time-series studies do not, taking into account regional time-invariant characteristics within the considered period. Moreover, longitudinal studies "give more information data, more variability, less collinearity among the variables, more degrees of freedom and more efficiency" (BALTAGI, 2005; p. 5) providing less biased, and more consistent estimations of the relationships between innovative inputs and their output, which might be considered an important gap in the previous literature on this topic. 6 According to some scholars, the difference between patent applications and granted patents is not noteworthyneither in absolute quantities nor in terms of weights between regions and economic branches. 7 Although our preferred aggregation level of analysis would have been the Spanish province (corresponding to NUTS3), given that it is both an appropriate unit of analysis within innovation and knowledge diffusion literature (RONDÉ and HUSSLER, 2005; ANSELIN et al., 1997; ACS et al., 2002) , our analysis will be performed at the NUTS2 level due to a lack of available data on R&D expenditure.
